This study aimed to examine the feasibility of using a frailty index (FI) based on comprehensive geriatric assessment (CGA), to assess the level of frailty in older surgical patients preoperatively and to evaluate the association of FI-CGA with poorer postoperative outcomes. Two hundred and forty-six patients aged ≥70 years undergoing intermediate-to high-risk surgery in a tertiary hospital were recruited. Frailty was assessed using a 57-item FI-CGA form, with fit, intermediate frail, and frail patients defined as FI ≤0.25, >0.25 to 0.4, and >0.4, respectively. Adverse outcomes were ascertained at 30 days and 12 months post-surgery. Logistic regression models assessed the relationship between FI and adverse outcomes, adjusting for age, gender and acuity of surgery. The mean age of the participants was 79 years (standard deviation [SD] 6.5%), 52% were female, 91% were admitted from the community, 43% underwent acute surgery, and 19% were assessed as frail. The FI-CGA form was reported as being easy to apply, with a low patient refusal rate (2.2%). The majority of items were easy to rate, although inter-rater reliability was not tested. In relation to outcomes, greater frailty was associated with increased 12-month mortality (6.4%, 15.6%, and 23% for fit, intermediate frail, and frail patients respectively, P=0.01) and 12-month hospital readmission (33.9%, 48.9%, and 60% respectively, P=0.004). There were no statistically significant differences between fit, intermediate frail, and frail groups in perioperative adverse events (17.4%, 23.3%, and 19.1% respectively, P=0.577) or 30-day postoperative complications (35.8%, 47.8%, and 46.8% respectively, P=0.183). Our findings suggest that it is feasible to use the FI-CGA to assess frailty preoperatively, and that using the FI-CGA may identify patients at high risk of adverse long-term outcomes.
Population ageing has led to increasing numbers of older patients undergoing surgery 1, 2 . Many of these patients are frail, manifesting as deficits in one or more domains of physical and mental function and homeostasis. Frailty increases with age and is associated with decreased survival, and increased hip fractures, hospitalisation and institutionalisation [3] [4] [5] . Depending on how frailty is defined and measured, prevalence varies from 4% to 59%, with a weighted average of 10.7% 6 .
Emerging evidence suggests an association between frailty in surgical patients and postoperative mortality and morbidity [7] [8] [9] . In a recent systematic review of ten studies 9 , there was a consistent association between greater frailty and increased mortality rates at 12 months, although associations with other short-term outcomes such as 30-day postoperative complications varied between studies. These findings have implications for informed consent for surgical procedures, choice of anaesthesia, pain management, and rehabilitation post-surgery 10, 11 . However, tools for measuring frailty that are brief, time efficient, valid, and practical for clinical application at the bedside are lacking, and none have been developed for predicting postoperative outcomes. Frailty assessment is additional and complementary to the current surgical risk prediction tools 12, 13 .
The phenotypic measure of frailty developed by Fried et al comprises three or more of the following five features: slowness, weakness, exhaustion, weight loss and low physical activity 14 . Although widely cited, the Fried et al criteria do not consider cognitive and psychosocial aspects of frailty, and are reliant on patients undergoing tests of physical performance. To date, such testing has not been applied to older acute surgical patients who may be in pain, bedbound or otherwise unable to perform physical tests 9 .
The commonly used Frailty Index (FI) developed by Rockwood et al is based on the cumulative deficit model which views frailty as a multidimensional risk state quantified by the number of health deficits rather than by the nature of the health problems 15 . The FI is calculated by dividing the number of deficits present in an individual by the total number of possible deficits measured across broad health domains, such as medical comorbidities, physical and cognitive impairments, psychosocial risk factors and common geriatric syndromes 15 . The FI assumes values between zero (no frailty) and one (extreme frailty) 15 .
The FI has been generated from comprehensive geriatric assessment (CGA) 16 , and the ability of this FI-CGA method (Frailty Index derived from Comprehensive Geriatric Assessment) to predict adverse outcomes has been validated in acute hospitalised patients 16, 17 and outpatients with chronic kidney disease 18 . Accordingly, it may serve to assess the degree of frailty and predict risk of adverse outcomes in surgical patients in the perioperative setting. The aims of this study were to investigate the feasibility of using FI-CGA in the perioperative setting and evaluate whether a higher FI was associated with higher risk of several short-and long-term adverse outcomes.
Materials and methods

Study design, setting and participants
This prospective cohort study conducted in a tertiary hospital in Queensland, Australia, between July 2014 and January 2015 recruited patients aged 70 years and over who were scheduled to undergo, or who had undergone within the previous ten days, intermediate-or high-risk surgery as defined by established guidelines 19 (see Appendix). Exclusion criteria included having low-risk surgery (such as superficial procedures and cataract surgery) and/or inability to speak English with no interpreter available. Pre-admission clinic patient lists were screened for eligible elective surgical patients, while the admission lists from the emergency department and inpatient lists from the surgical wards were screened for eligible acute surgical patients. Four data collectors, of whom two were senior medical registrars and two were medical students, shared a roster to approach eligible patients pragmatically on a daily basis to obtain consent. Time constraints precluded every eligible patient from being approached or consented. Legally authorised substitute decision-makers provided consent for patients lacking capacity.
Measurement of frailty and operative risk
Consenting participants were interviewed by data collectors using a previously designed and validated one-page FI-CGA form 16 (see Appendix). Data collectors underwent a one-hour training session on how to assess frailty using the form prior to study commencement, with several sessions within three weeks after study commencement discussing and resolving any further queries. Data were captured and coded on health deficits at baseline comprising self-rated health, cognition, communication, mood and behaviour, social engagement, activities of daily living (ADLs), continence, nutrition, falls, mobility, polypharmacy and medical comorbidities. ADLs were self-reported and pertained to the period before the onset of the surgical diagnosis. Information from medical notes and patients' next of kin supplemented patient interviews. The FI was calculated for each patient by dividing the total number of reported deficits by the total number of deficits assessed (maximum 57 items). In the case of items unable to be assessed, the denominator was recalculated as 57 minus the number of missing items, with precision being acceptable if the total deficits in the denominator were 30 or more 20 . Patients were categorised into fit (FI ≤0.25), intermediate frail (FI >0.25 to 0.4), and frail (FI >0.4) using previously validated FI cut-offs 21 .
Traditional preoperative risk stratification tools comprising the American Society of Anesthesiologists (ASA) physical status classification 22 and Lee's revised cardiac risk index 23 were also assessed for each participant.
Outcome variables
Outcomes of interest were listed below: • Perioperative adverse events (occurring during surgery or in the immediate postoperative period in the recovery room): transfusion of blood products (any of packed red blood cells, platelets, fresh frozen plasma, or cryoprecipitate), unplanned return to operating theatre (OT), unplanned admission to the intensive care unit (ICU), surgical complications (such as bowel perforation, periprosthetic fracture), new arrhythmia, hypotension requiring treatment, massive blood loss, and new onset delirium as documented by treating clinicians in the medical record. • Postoperative complications within 30 days of surgery:
any major cardiac events (cardiac arrest, acute myocardial infarction, complete heart block, congestive heart failure, pulmonary oedema, and arrhythmia), venous thromboembolism, sepsis, pneumonia, wound infection, stroke, acute kidney injury, transfusion of blood products, delirium, unplanned return to OT, unplanned ICU admission or death. • Postoperative disposition outcomes: prolonged length of stay in acute care (longer than the 75th percentile), new discharge to residential aged care (RAC), unplanned hospital readmission within 30 days of surgery.
• Death within 12 months of surgery (inclusive of death within 30 days of surgery). • Unplanned hospital readmission within 12 months of surgery (inclusive of readmission within 30 days of surgery). • Composite 12-month adverse outcomes: death or unplanned hospital readmission within 12 months of surgery.
Outcomes were ascertained from electronic medical records (for in-hospital events) and by telephone call (for post-discharge events) at 30 days. Patients uncontactable by telephone were sent a follow-up letter for reporting any complications up to 30 days. Death and hospital readmission between 30 days and 12 months post-surgery were ascertained from medical records and the Queensland death registry.
Statistical analysis
Assuming the proportion of frail (FI >0.25) to fit (FI ≤0.25) patients was 1:1, a sample size of 250 patients was estimated as providing 90% power in detecting a twofold difference in adverse outcomes between frail and fit patients, assuming 10% loss to follow-up. This was based on published data from 208 surgical patients within a cohort of 1,418 inpatients aged >70 years, where the prevalence in the fit group of a composite adverse outcome of inpatient fall, delirium, discharge to higher level of care and death was 20% 24 .
Distributional statistics comprised proportions for categorical variables, means and standard deviations (SD) for normally distributed continuous variables and medians and interquartile range (IQR) for non-normally distributed continuous variables. Patient characteristics and outcomes were compared according to frailty status (fit, intermediate frail and frail) using analysis of variance (ANOVA) for continuous variables and chi-square tests for categorical variables. Adverse outcomes that varied significantly in frequency between groups in univariate analysis were entered into a logistic regression model that adjusted for confounders (age, gender and whether surgery was acute or elective) and risk of outcomes at specific timepoints was expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Subgroup analyses compared adjusted mortality and hospital readmission rates at 12 months between acute and elective surgery patients. Significance levels were set at P <0.05 and all analyses were performed using IBM SPSS Version 23.0 (Armonk, NY, USA).
Ethics approval
Approval was granted by the hospital Human Research and Ethics Committee and Site Governance (HREC/14/QPAH/215 and SSA/14/QPAH/216).
Results
Of 267 screened patients, six refused participation and 15 had exclusion criteria. Reasons for refusal were subjective fatigue and feeling unwell post-surgery (2), limited English language communication (3), and previous negative experience with research (1). Two hundred and forty-six participants were included in the final analysis, with a mean age of 79 years (SD 6.5) and mean FI of 0.29 (SD 0.14, range 0.04 to 0.74). Baseline characteristics of the participants are shown in Table 1 . Almost half (43%) underwent acute surgery; 65% underwent orthopaedic surgery, 14% vascular surgery, and 11% abdominal surgery. The majority (73%) had an ASA physical status of three or four representing severe or incapacitating systemic disease. Compared to fit and intermediate frail patients, frail patients were older, more likely to have ASA physical status of three or more, more likely to have undergone acute surgery and more likely to have been admitted from a residential aged care facility. Ascertainment of 30-day and 12-month outcomes was complete in 98% and 100% of participants respectively. Mean length of stay in acute care was eight days (SD seven days). Perioperative adverse events occurred in 49 participants (20%), and 30-day postoperative complications occurred in 104 (42%). Thirteen patients (5.3%) were discharged to RAC having been admitted from home ( Table 2) . At 12 months, 32 participants (13%) had died while 110 (44.7%) had unplanned hospital readmission.
Feasibility of FI-CGA
The FI-CGA form was reported by data collectors as being easy to apply and well received by patients, with a low rate of refusal (2.2%). Out of 175 assessments sampled (71% of all assessments), the average time taken to complete the form was 12.5 minutes (SD 4.1, range 5 to 30 minutes). The majority of items on the FI-CGA form were easy to rate; however inter-rater reliability was not tested. Items such as motivation can be difficult to elicit from participants, and grip strength assessment can be subjective without a dynamometer.
The completion rate of the FI-CGA forms was 45%, with the majority (91%) of the incomplete forms having minimal amount of data missing-fewer than four items. The form with the highest number of missing data (11 out of 57 health deficits could not be assessed) still had a denominator of 46 which was sufficient for deriving a valid FI. The rate of missing data was highest for proximal muscle strength (36.6%) where the patient was asked to rise from a chair without the help of his or her arms, which may not be possible with postoperative states or surgical diagnoses such as hip fractures. Other variables associated with missing data were self-rated health (8.9%), motivation (8.5%) and grip strength (8.5%), which relied on the cooperation of participants.
Answers to these items may be precluded by dementia or delirium, as opposed to items obtainable from next of kin. All other domains had less than 3% missing data.
Association of frailty with adverse outcomes
There were no statistically significant differences between the fit, intermediate frail and frail participants in the incidence of perioperative adverse events, 30-day postoperative complications or postoperative disposition outcomes (Table 2 ). However, there was a significant relationship between frailty and 12-month mortality (6.4%, 15.6% and 23% for fit, intermediate frail and frail patients respectively, P=0.01), 12-month hospital readmission (33.9%, 48.9%, and 60% respectively, P=0.004) and new discharge to RAC (0.9%, 7.8%, and 10.6% respectively, P=0.009).
Applying logistic regression methods, every 0.1 increase in FI was associated with 36% greater odds of death at 12 months (OR 1.36 [95% CI 1.04 to 1.79], P=0.026), 53% greater odds of unplanned hospital readmission at 12 months (OR 1.53 [95% CI 1.24 to 1.90], P <0.001) and 68% greater odds of either death or readmission combined (OR 1.68 [95% CI 1.34 to 2.10], P <0.001). Frailty was not associated with new discharge to RAC in logistic regression after adjusting for confounders.
Subgroup analyses of acute versus elective patients revealed that the rise in 12-month mortality with increasing frailty was greater among the former (OR 1.49 [95% CI 1.03 to 2.15] for every 0.1 increment of FI), but no significant association was seen between mortality and FI in elective patients. In contrast, the rise in unplanned 12-month readmissions with increasing frailty was seen in both acute (OR 1.37 [95% CI 1.03 to 1.83]) and elective patients (OR 1.89 [95% CI 1.34 to 2.66]) with the effect being greater among the latter. 
Discussion
Key results
This study investigated the feasibility of using FI-CGA in the perioperative setting and evaluated the association between FI and incidence of adverse perioperative, postoperative and longer-term outcomes. In regard to feasibility, while the FI-CGA form was acceptable and easy to use, with a low rate of missing data, the requisite one-hour training period and the time to complete it (12 minutes on average) may limit its application in busy surgical wards and pre-admission clinics.
Our results indicate that higher levels of frailty were associated with higher rates of death and unplanned readmission at 12 months, with a 68% increase in this combined endpoint for every 0.1 increase in FI. However, somewhat counterintuitively, frailty was not associated with perioperative (17.4%, 23.3%, 19.1% for fit, intermediate frail and frail patients respectively, P=0.577) or postoperative complications at 30 days (35.8%, 47.8%, 46.8% respectively, P=0.183), nor disposition outcomes (hospital readmission within 30 days, length of stay, or new discharge to RAC).
Strengths and limitations
To our knowledge, this is the first study that has assessed the feasibility of using FI-CGA in acute and elective surgical patients. Study strengths were the targeting of older patients undergoing either acute or elective surgery (most studies only include the latter), prospective data collection, assessment of multiple domains of physiological and functional reserve, low rates of missing data, and multiple endpoints up to 12 months. Study limitations include small sample size which may have underpowered analyses of associations between frailty and adverse outcomes occurring perioperatively and at 30 days postoperatively. The power calculation was based on a twofold difference in adverse outcomes between fit and frail participants; however, in our cohort there was only a 1.5-fold increase, hence a bigger sample size would be required to show an association. While our sample is representative of older Australians undergoing intermediate-and high-risk surgery, our results may not apply to those under 70 years of age and those undergoing low-risk surgery.
Feasibility of using FI-CGA
The FI-CGA is an attractive tool as it captures wide domains of health deficits, yet its validity is not compromised even if several items cannot be scored in individual patients. Our study also demonstrates its applicability to both acute and elective surgical patients. Despite not being able to measure performance-based tests (such as proximal muscle strength or grip strength) or self-rated items in some acutely unwell surgical patients, sufficient data was obtained from the next of kin and the medical chart to generate a valid FI. Barriers to implementing the FI-CGA in routine clinical practice were the time involved to conduct a single assessment and its dependence on operators receiving sufficient training in its use. These can be overcome by building FI-CGA into the electronic medical record and generating FIs from routinely collected data using automated methods.
Other tools based on comprehensive geriatric assessment trialled in surgical patients include Balducci Frailty Criteria 25 used in oncology surgery, and a 51-item FI 26 applied to hip fracture patients. Whilst not specifically stated in their respective studies, these tools will likely take as long as FI-CGA. Brief tools such as the seven-point clinical frailty score (derived from visual observations combined with review of medical records) 27 , G8 and Vulnerable Elder Survey (VES) 28 would take less time to perform and be potentially more practical, but are less comprehensive than FI-CGA. A very recent study describes a frailty score consisting of a twominute nursing survey combined with routinely collected medical information that was validated in a cohort of surgical patients 29 who were considerably younger than our cohort (mean [SD] age 60.7±13.9 versus 79.0±6.5 years).
Association between frailty and adverse outcomes
The significant association between higher levels of frailty and higher rates of death and readmission at 12 months seen here confirms the findings of other investigators. In a systematic review evaluating the association between frailty and various short-, intermediate-and longer-term outcomes in surgical patients with a mean age of 75 years and older, all ten studies (both prospective and retrospective) showed a significant association between frailty (variously defined) and long-term 12-month mortality 9 . However, only two studies evaluated the association with 12-month unplanned readmission, which was confirmed in one. Only four out of nine studies which measured postoperative complications found a significant association with frailty 9 which suggests our failure to confirm this relationship is in keeping with the majority of evidence. It is possible that frailty reflects a baseline vulnerability which leads to poorer long-term outcomes with less effect on short-term outcomes, which are more influenced by the acuity of the underlying illness and the level of invasiveness of the surgery.
Frailty being associated with poorer longer-term outcomes may have clinical implications. Early identification of at-risk elders undergoing surgery, followed by early mobilisation and early detection and management of geriatric syndromes may prevent deconditioning and consequential poor longterm outcomes. In elective surgery, preoperative assessment of frailty may help identify those at risk of poorer long-term outcomes who could then be better informed of this risk and who, in response, may elect to adopt more conservative management aimed at symptom management and improving quality of life.
We found no significant relationship between frailty and prolonged length of stay in acute care and new discharge to RAC on multivariate analysis, which is contrary to other studies. In the previously mentioned systematic review, five out of six studies that evaluated prolonged length of stay showed a significant association with frailty, and two out of two studies showed an association between frailty and discharge to RAC 9 . As institutionalisation could be the most undesirable outcome for some older patients, examining the relationship between frailty and this outcome in future studies will enable discussion around the risk of institutionalisation post-surgery and result in better informed consent.
Future directions
The associations between FI and adverse outcomes observed in this study, as well as frailty being a predictor of poor long-term outcomes, need to be replicated in future studies involving larger surgical cohorts, including subcohorts of specific surgery types, prior to its use as a validated predictive tool for informing patients and surgeons of longterm outcomes in relation to individual frailty status. Future studies could investigate how to build FI-CGA into digital hospital systems in optimising its efficient use and enabling it to be used for large scale frailty screening in surgical patients. Interventional studies are necessary to demonstrate whether "pre-habilitation" or geriatrician input before surgery for optimisation could improve frailty and reduce adverse postoperative outcomes.
Conclusion
FI-CGA appears to be a feasible tool in assessing frailty in older surgical patients if digital collection of required variables and automated scoring are available. Frailty assessed using the FI-CGA was associated with increased 12-month mortality (6.4%, 15.6% and 23% for fit, intermediate frail and frail patients, respectively, P=0.01) and 12-month hospital readmission (33.9%, 48.9%, 60%, respectively, P=0.004). Our findings suggest that FI-CGA may identify patients at high risk of poorer long-term outcomes. This type of assessment could aid decision-making and informed consent when considering and discussing the risks and benefits of intermediate-to high-risk surgery in older patients.
